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THE USE OF HELICOPTERS IN TWO-MILLIGAL
GRAVIMETRIC SURVEYS IN THE TUNDRA

[Following is a trenslation of an article by
B, D, Poletayev in the Russian.lingasge periodical
{Geophysical Exploration),

. on, » Pages 47.52,] :

In gravimetric surveys in regions that are difficult of access
mich time and effort are expended in the transportation of the gravi-
metric detachment along the profile of cbservations. For two-milligal
surveys the output norms during work with a pack are a fourth to a
fifth of the norms applied in work with the use of automobiles,

Daily itineraries that are small in extent reguire the creation
of & dense supporting network, which sharply increases the cost of
the work. Apart from the high cost of producing an area survey in
regions that are difficult of access and sparsely populated, in tune
dra sonditions it i$ especially nocessary to point out great organi-
zational and teochnical dif'ficulties. '

: The development of domestic aviation has permitted using heli.
copters for the performance of work under tundra conditions not only
in the presence of the develcopment of a supporting network, but also
in the survey of an ordinary network. The use of helizopters is
favored by the almost unlimited choioce of landing places, adequats
radius of their action and smoothness of their landing.

Experimental work on the development of an ordinary grevimetric
network with the use of heliocopters in two-milligal surveys in regions
that are difficult of access was done in 1959-1960 by several geophy-
sical organizations (the Western Qeophysiocal Trust, the Geophysiocal
Petroleum and Coal Surveying Trust, and others) and gave positive
results,

We will examine the advantages of such a method of work on the
example of the Nechorskaya geophysiocal expedition, which aonducted in
1960 a two-milligal gravimetric survey in the oentral part of the
LB_ol'shoumol'skaya tundra (director of the party, Yu A Bosykh). __l



r—‘ In spite of the high rental cost of a helicopter, its use, as__j
will be shown below on factual material, gives a oconisidersble saving,
mainly on account of a sharp increase in labor productivity and re.
duction in the volume of work in the oreation of a dense supporting
network.

These operations alsc considerably raise the quality of the sur-
vey, which is linked with decrease in the duration of trips and with
favorstle conditions of transportation of the instruments, Operations
using & helicopter differ from ground oporttmons with a pack by con-
siderable improvement of the culture of the product, working condit-
ions and living conditions of the field detachments., Detachments
have the possibility of returning daily to the base of the party,
which is completely exeluded in operations with a pack. The techni-
cal director of the party can daily control the work of all the oper
ators, look after the operation of the instruments, organize timsly
handling and interpretation of the materials, oonduct reasonable dew
tailing, necessary control, etc. All this prectically excludes waste
in the work and permiis reducing to a minimum unproductive expendi.
tures of time and resources,

Tat us dwell in more detall on the guestion of labor productive
ity. In work with a pack according to the ons-time method ef obser-
vations at two-kilometer intervals & gravimetric detachment should
complete 5.8 physical points per shift (VENV, 1951 edition). The
actual productivity usually dces not exceed 100%. that is, a detache
‘ment on an eight~hour trip can make observations at five or six
points and tie the trip in to the fixed points.

In work with a helicopter, the sanitary norm of which is five
air hours per day, a norm of 22 physicsl points per shift has been
determined for the samz conditions during short flights on the basis
of a series of photochronomstric obsarvations. Thus the productive
ity per detachment.shift, with different duration, rose in these types
of work by almost four times, and the absolute productivity by more
than six times.

Along with inorease in labor productivity, the reduction of the
volume of work in creating a dense supporting network plays an as-
sential role in lowering the cost of a work unit. As work experience
with the use of pack transport in making area two-milligal surveys
'has shown, the necessary donsity of the fixed points must be not less
than one peint per 50 « 70 km® of area. Only at such a density can
the normal fixing of successive trips bs assured.

In work with a helicopter the supporting network can be spread
out by twenty times or more, and it is sufficient to place the fixed
points every 30 - 40 km over a square network. Consequently the costs

Iof ereating the supporting network are reduced in the same proportion

- : .
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r Finally, in helicopter work the staff of the detachment is sub.
stantially reduced as regards workers ococupied in the transportation
of the instruments, packs and other work. The need to hiré pack ani.
mals also is eliminated. According to the data of the Peshorskaya
geophysiocal expedition the staff of a single detachment is reduced by
15 men, and the reed t& hire four horses for .each detachment is elim-
inated.

These are the principal sources of cost-reduction of work in
twoemilligal gravimetrie surveys under tundra conditions with the use
of a helicoptsr on a serial network,

Serial networks are completed by the one-time method of obser
vations, with their attachment to fixed peints. It is worth while
making measurements simultanecusly with two gravimetrs to elininate
possibls jumps in the readings and reduce the volume of independent
control observations. It is desirable to complets an independent
sentrol by special trips over routes that intersect the main system
of profiles,

In the presence of light ¥I.1 helicopters, eash gravimeiric de.
tachment should be equipped with s helicopter, which provides the
transportation of the detachment. During the survey the helicopter
is landed in the tundra at eaczh point of observations.

In cperations with heavy MI-4 helicopters it is worth while
making the survey simultaneously with two detachments along adjacent
routes, This is connected with the fact that the heavy helicopter
csnnot land in the tundra at each peint. During observations with
gravimeters it must, as they say, "hang" in the air. To eliminate
such unproductive hanging, a second detachment is included in the
work. At the moment when the first detachiment is making observations
on the point, the second detachment is being transferred irn the heli~
copter to the following point. At the moment of observations by the
serorid detachment the first detachment i1s making the flight to the
following point, and so forth.

This method of working was used in two-miliigal surveys on the
Pechorskaya geophysical sxpedition., A considerable rise in the gqual-
-4ty of the observations should be mentioned. The mean square error
of seiial observations in work in helicopters on materials of inde-
pendent control was reduced by almost half in comparison with the
error obtained in work with packs, and was + 0,25 milligals,

The normative~research party of the (Geophysicsl Pstroleum and

Coal Surveying Trust (party director, Ye 5 Dyukova) has been analyzed
and the cost of gravimetric work with use of the MI.1 helicopters

has been compared with the cost of work with pack transport in survey

Lo_:_‘ & serial network in the region of the Bol'shezemel'skaya tundra. |



.r- An ares of 3,150 squars kilomtors loocated to the west of

———

st

Vorkuta, was taken for analysis, by uking a 'ato-milligo.l gravimetric
survey with OAK-3M and GAK-4M instruments. The cost caloulations are
given in the table,

Galoulation of the Cos?, of Oravimetrie Work

Cost of work in survey
of a sorial network (in

Description of work thousands of mgloaz i
‘ With MI-1 with
helicopter ~packs

Development of a supporting network
with a MI<4 helicopter:
For avistion work (8 points) 28.3 -
For pack work (53 points) - 138.0

Survey of a serial ne !ork on an
area of 3,150 im“;
With use of helicopters (21.1

instrumenteshifts) 128,6 -
With use of packs (109.3
instrument-shifts) - 95.5
' Total 156.9 233.5
Cost per km? of srea (rubles) 49,82 7%.13

(In values of the ruble prior to 1 January 1961)

The economic advantages of using helicopters in surveying ser-
jal networks under conditions of Zapolyar'ye are clearly shmmz In
the example in gquestion the cost of gravimetrioc survey per km
ares 1s reduced by 48,5%,

A ‘comparison of the estimated ocost per 1000 i of area of the
1959 work (when pack transport was used) and the 1960 work (when
helicopters were used) was made by the workers of the Pechorskava
geophysical expedition. Although this caleulation is not rigorous
enough, since tctal estimated costs of the work of the parties were
taken, it is sufficiently indicative.

The cost per 1000 km® of survey in 1959 was 363,700 rubles,
and in 1960 gas 275,700 rubles. Thus the saving in surveying of
sach 1000 km® of ares was 88,000 rubles (the cost of the work was
dotarmined in the value of the ruble prior to 1 January 1961).

R



In connection with the uneonditionsality of the topographie _—]
maps on & séale of 1:100,000 for the region of the Bol'shesenel 'skaya
tundra, the Pechorskays expedition could not aceomplish the planar
sonneotion of the points of the gravimetric observations by the method
of identifioation and also use barometric methods of determining the
heights of the points. The planar and height connections of the
gravimstric points were made by an instrumental methed, which some-
vhat reduced the effectiveness of the use of helioopters in the gravi-
metric survey, since the topographic work on the ground required large
expenditures of time and resources,

For regions for which conditional topographic maps on a scale of
1:100,000 are not provided, it evidently is worth while to use radio-
goeological methods of planar oconnection of the points with the estab-
1lishment of a sonde on a helicopter and to make the survey by gravi-
meter-altimeters, model QVP-2, or use baromstiric levelling for the de-
termination of the heights of the points of observations. In the pre-
sence of oonditional maps and the possibility of determining the plane
ar position of the points by the method of identification, it is worth
while using barometris levelling or medel QVP-2 gravimeter-altimeters.

In 1960 a survey of & serial gravimetric network was zuccess.
fully made by the Western:Geophysisal Trust in the regions of the
Malozemel 'skaya tundra by means of & helicopter with use of the method
of identification and baromestric levelling. The wethod and technique
of the gravimetrisc work did not differ in principls from analogous
work, desoribed above, in the regions of the Bol'shezemel'skaya
tundras o

!
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EXPERIENCE IN THE USE OF THE MI-1 HELICOPTER
IN CONDUCTING A GRAVIMETRIC SURVEY
IN ‘CONJUNCTION WITH BAROMETRIC LEVELLING

{Pollowing is a translation of an artiocle by
B. P. Borodin, R. G, Kurinin and H, S. Pridlyand

in the Russisn-language periodical Qﬁg‘é.{ﬂgllxlzg
odis (Qeophysioal Exploration), No &6, Moscow,
961, pages 52-59.]

The conducting of a two-mllligal grevimetric survey with & scale
of 11200,000 on large areas under vonditions of Keryneye Severe was
agsociated with considersable organizatiomal and teohnical difficul.
ties, and also with iarge monetary expenditures, (Oreat distance from:
populated points, the complete absence of roads and the swamplineas of
the terrain complicate the movement of ground detachments and the supe
plying of food to them and sharply roduces labor productivity.

In 1959 the Nar'yanmarskaya gravimetric party of the Western
Geophysical Trust undertook to¢ carry cut & two-milligel gravimetric
survey on a scale of 1:200,000 of a region of the Malozemel'skaya
tundra. In connestion with the:sbevee.indicated difficulties, an MI-1
helicopter was used by the party in the survey of a serial network in
order to eate the working sonditlions, increase productivity and lower
the costy of the work,

he use of the helicopter was favered by the open flat country
of the tundra and forest.tundra; a large number of lake reference
© points and the excellaent flying qualities of the heliocopter: &n &l
noat unlimited selection of landing places, smoothness of landing and
a considerable radius of aoction.

In 1949 the survey was completed on previously levelled pro.
#4163, on which the observation points wers {ixed with small whits
flags. Finding such a profile from the air during flight of the heli-
copter at 100 - 150 meters csused no special difficulties. These
operations showed great prospects for the use of the MI~1 helicopter

{ in 4 gravimetric survey under the conditions of the tundra of Kray-
Lneye Severc. . o : j

wramamrerd.
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However the use of ground topogeodetic work with low producti- |
vity sharply reduced the effectivness of the use of helicopters in
the gravimetric survey. For the purpose of 1nerou§ng the effective-
ness of this work, in 1960, on an ares of 13,000 km“, a gravimetric
survey was made in a complex with barometric levelling by means of
an MI-1 helicopter. The planar connection of the points of the gravie
metric observations was accomplished by the method of identification
on maps with a scale of 1:100,000, with use of the materials of an
aerial photogrephic survey.

The base of the party, with a fuel and lubrictntl warehouse for
ssrvicing of the helicopter, was organized at about the center of the
survey section., A fixed point of inoreased accuracy was established
at the base of the party, oonnssted with the Buhnzhe point Ty direct
connections.

The radius of aotion of the MI-1 helicopter, with landings at
observation points every two kilometers and with flight to the fixed
point taken inte consideration, was 60 - 70 kiloreters. In this con-
nection the entire section of the survey was worked frem & single
starting point (the base of the party), on which all the serial trips
were 3tarted and completed.

It should Be roted that inerease in the redius of acticn of the
helicopter, and consequently increase in the area of the survey, can
be attained by creating additional sub.bases with fial and lubrisants
warehouses in the tundra, whers the helicopter can be provided with
fuel directly on the route without returning to the main base.

The length of the serial trips in working with the heilicopter
was four to five hours. The'change in -temperature of the instmmen‘cs
durding that interval of time usually did not exceed 1,0 - 1, 5% and
only in individual cases reached 2.0 « 2.5% The' displacement of the
zerc point of the instruments was insignificant. The mean square
error obtained in the serial measurements was + 0.25 milligals, which
i3 evidence of the high accuracy of the survey. The sccuracy of the
determination of anocmalies was + 0.6 milligals. The materisls of the
field measurements, after the daily return of the helicopter to the
base, wers precessed at once by the office group, which permitted
direct control of the quality of the survey. The productivity of a
single instrument-shift for one servioing of the helisopter was 15 .
20 points, which is more than three times the productivity of ground
work. The working up of the serial network was done with one or two
SAK-OM gravimeters. Labor preductivity was reduced somewhat when
the work was done with two gravimeters. However,.in that case the
roliability of the determination of the force of gravity at each
point was increased, and the need to include in each trip an inter-
mediate point was‘eliminated, which considerably reduced the number

’Lo.f enntrol measurements. The method of working with two gravimeters |



. -
r:n a survey with a holioopur with a radius of action up to 70 km |
thns permits prooessing an area of about 10,000 - 12,000 ‘im? from a
single starting point without developing a supporting network on the
entire ares of ocperations. Upen increase in the area of the survey,
vhen it will be neocessary to oreate additional sub.bases with stores
of fuel and oil for servieing the halicopter, which must be processed
as fixed points and conmséted into a 3ingle supporting metwork, such
a2 network will be uncomsen and large sxpenditures of time and resour-
ces will not be required in creating it.

The Method and Technique of Barcmetrio Lavelling

Determination of the absolute heights of the points of the
gravimetric observations, with & mean square errer of + 2.5 mters,
entered the task of barometric levelling. Before the start of pro-
ductive work, test barometric leveliing trips woere made in a MI-i
helicopter on points of a leveilsd metwork of classes III - IV. The
test trips permited chescking ihe method ard technmiqué of barometrie
levelling, and suitability of the instruments for work under tundra
conditiona with the use of air transportation.

-

Besides the tast work, & comparison was made of the data of a
barorstric levelling with the data of a geometrisc lavelling on one
of the routes of the gravimetric survey. Comparison of ths absolute
heights of the points of a leveled network of classes III - IV and
of the points of a geodetic levelling with the heights of the same
points, obtained by the method of baromstric levelling, made it pos-
sible to estimate the accurecy of the method and dispense completely
with expensive instrumental work.

In making the barometric levelling, a method of closed trips
with the use of the readings of several permanent meteorological
and of temporary -stations (control barometers) was worked out. On
the working section and beyond its 1limits observations wers made
daily of the atmospheric preasure and the temperature of the surround-
ing air at six meteorclogical stations of the Northern Hydrometeorc.
logical Service and of two temporary baromstric stations of the party,
one of which was combined with the base of the party. The distance
between the ntoorological stations did not exceed 100 m on the ave-

rage.

The atmospherio pnaaum was mssasured svery thirty mimites eaeh
day, and the tempersture of the surrounding air every hour from 0800
to 2000 Moscow time., The results of the observations were recorded
in special journals, copies of which were sent to the address of the
party. The absolute heights of the zeros of the sution barometers
wers obtained by techniecal lsveliling.

i
L,_ The number of stations and their location with respect to the. |
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[Work section were such thet any routs of the gravimetric survey that |
could be worked sut was within triangles at the apexes of which per-
manent or temporary meteorological stations were loeated. Such a
position of the werk seotion in relation to the mstecrological sta-
tions to a considerable degree axeluded the influemes of nen-dgqui-
librium of the atmespheric pressurs on the acourdcy of the barometric
levelling and permitted establishing the absolute heights of the
points of the gravimetrie survey with adequate uoau'uy.

Ths barometrio hnmu was done ueluinly by cloud tripl
with a duration of five to six hours. The starting and ending points
of each trip vere permansmt or temperary metesorologioal stations. To
determine the supplementary cerrections, hefore amd after each trip
all the field ‘aneielid baromsters were compared with mercury barometers.
Teo increase the acouracy ef the msasurements, the pressures were }
aoasured simultansously with six anereids, and the average of thl!;,' six
was adopted in the proocessing, if they did not differ by mere
C.6 mm, The temperature of the surrournding air was measured by i
of psychrometers. For field work, aneroid barameters with tempepature
coelficients closs to zerc and with supplemsntary corrections no?. 8X=
oseding 2 - 3 mm Bg were selected.

f
During the porxed of operations the changs of these correations
per day (trip) did not exoeed 0.2 - 0.3 mn Hg on the average, and for
the six months of the field seasen, | - 2 mm Hg. All thw instruments
had been checked by the Central Checking Bureau (Tsentralneye byuro
proverii) at the Main Geopliysical Observatory im Voyeykov (Glavnaya
geofirzicheskaya observatoriya im Voyeykeva) and had checking docu-
ments, Under productive conditions the aneroids were kept in speuial-
ly constructed suitoases, three apiece, and were transported in the
eabin of the helicopter, For stabilisation of the temperature of the
anercid barometers the insidesof the sections of the suitocases were
lined with a layer of cotten. For this purpess each section was pro-
vided with a glass cover.  The iemporary meteorologioal stations of
the party were equipped with two inspsctienal (mercury) barowetsrs,
a psychrometer and a radic station. The atmospheric pressure was de-
termined simltanecusly with two mercury barometers and the average
of their readings was taken if théy did not differ by more than 0.3
mn Hz. The mercury barometers were kept im special cases suspendsd
on immobils objects (columns or walls of buildings). The processing
of the materials of a trip began with caleulation of the supplemsent
ary corrections of each anercidi, which were spread propertionally
over the whole trip.

The oalonlation of the absolute heights was done with use of
the readings of two or three meteorologiocsl stations isdependently
sf 2ach point of the survey.

l For control of the height, a series of points were ollculltod_‘l



—;; different triangles or lines of directions of the stations., In 1
these oases the deviations zs a rule did not exceed ! - 2 meters.

The absolute heights of the points of the supporting gravimetric
network were obtainad hy barémstric levelling in the process of its
development as the mean vilues of three or four detersinations by six
ansroids, made independently of the trips. The results of caloula-
tien of the heights of seme fixed points, obtained under different at.
mospheric cenditions, are given in Table i,

Table 1
- M E__

» Hors mabanpe- | AGesawrmus | Omizomeunsx oy
» nuk ’m BCOTM g CPORRETO annnn@
on-24 o17.VII—-80 r. §,28 0,52

-V-—OO » 34v98 “""7
10 VI-80 » 32,08 + 4,70
Cpenxes sxavenme 33,76
on-22 17.1V~80 r. 4,10 ~2,26
19.1V—80 » 22,55 0,74
4.V—60 » 2451 . 40,27
27.V=80 » 18,71 +2,43
21.VI~80 » . 20,45 1,59
@ Cpenmes amavexns 21,84
On-47 17.1V-=80 r. 56,26 -~0,74
27.V—80 » §8,40 —~0,85
10, VIt » ‘ 58,24 ~0,60
2.V1--80 » 57,37 +0,48
AVI-80 » 55,48 -~2,08
w @ Coonneo axavemme 57,55

{ - Point Nog 2 « Date of observations; 3 - Absolute height; % -
Deviation from average value; 5 = Meang 6 = OP=21; 7 = OP-22f 8 «
OP=17. ’

The absolute heights of the points of a serial survey were cb-
tained from single trips. However, their quality was controlled by
subssquent independent trips.

On the sntire area of the survey, 1335 points were processed,
of which 160 were controlled, which is 124 of the total mumber of
points. The results of the control determinations of the heights Ly
parerstric levelling, and also an ostimats of the accuracy of the
method in comparison with geometric and technical levellings, are
given in Table 2,

] If we analyre the results of the work on the barimetric level~ :

!
i = —
—



| Table 2 T ' ]

PacxpiKaonua 8HAYCHRE BHCOT, DOJAYYORAKNY MOTO[CM
GapouRBOABPOBAHIA (B M)

HBeero 3 -
@ 10 0,51 0,510 i..()—i,ﬁ

na

1,5-20) 20525 25--3,0 1035/ 3640 C”;fg’"@

@C AANHENHE I'2OMETDHYCUROTIO UHBCAKPOBAUE R

Koakuecrao onpepeaenni 14 3 2 6
% pucupencienns omabox @ 160 | 22 14 43

1l SR S —_ -

2
14 7 - - - —

@Cpe,mmn KBaApATHRECKAA OMKMOKA CHPEACJACHRA BMCOT GAPOBWBEANPOBAIIHOM YO TSPANM MYHKTEM 41,25
@ C RABHEMH TOXHHEREBCKOLO HUBEGANPORAN AR

Koamuecrso onpeponensit 4 [ 8 2 1 —

% pacupepcaciun omnGor 4 2 —

i3 17
?'@'Cpemmu RpajpaTyeckas omniGRa ompefeseHna BHCOT GAPOHABGIRPOBANHOM LO TROPAMM fynKTam 1,53

47
100

15
.32

9
by

i
[}

3
8

v

@ CAaHHEMMEY KOUTPONBINMX GRAPOVKERARPHNX OHPEACAORY

Koanuecrso onpegencnnic \§J | 8
% pacnpogennrith omabox 8

12
14

19
17

a0 | 1
100 | 15

woee
-3 =3

1 17 ¢ 9
17 ih | 8

O_ Cpenusa KDAAPATRUECKEN OmMOKA ONpPejeIcHMR BrcoT GAPORKBOAMpORANRCeM 4,86

1 -« Deviatione of the values of the heights obtained by barometric
levelling (in meters);. 2 - Total; 3 - Above 4,0; 4 - Comparison with
the data of geomteric levelling; '5 - Comparison with the data of
tochnical levelling; 6 -~ Comparison with the data of sontrol bharo-
metric levelling determinations; 7 "= Number of determinations; 8 -
Percentage distribution of errorsi 9 - Mean square error of deter=
mination of helg ts by barometric levelling on fixed points + 1.26;
10  Mean square error of determination of heights by barometrio
levelling on fixed points + 1.53; 11 - Mean square arror of deter-
minition of heights by barometric isvelling + 1.86.

Ling it can be said that the attained accuracy of determination of
abgalute heights of points of the gravimetric survsy under condit-
iong of tundra relief with the use of air transport satisfies the , N

recnirements for two-milligal gravimetrlce surveys, :

As a result of the introduction into production in 1980 of
& gravimetiric survey on an MI.i helisopter in a complex with baro-
netric levelling, the actual nost of one kme of survey was reduced
Li‘rom 148 rubles in 1959 to 98 rubles in 1960, that is, an anmual __i



r;;;ving of 520,000 rubles (in values befors 1 Januwary 1961) on an mﬂ
of 13,000 km@, '

The above-dsscribed method and teochnique of gravimetric survey
with an Mi~1 helicopter in a complex with barometric levelling are
the mest rational under the tundra conditions of Karyneye Severo and
have the following advantages: ths organization of the production of
work is simplified, the accurady of the survey iz increased, labor
productivity is sharply increased and the cost of the work is reduced.
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THE GAK«3M GRAVIMETER WITH ELECTR.ICAI; THERMOSTAT

[Following is & transiction of an article by ‘
A, N, Timofeyev and V., N, Rosenberg in the Russian.
thsies i g Ay
(Geophysical Exploration), » Moscow, 1961,
pages 93-95,1]

The Yakutsk geological administration (Yakutskoye geolcgiches.
koye uprevieniye) has conducted detailed gravimetric surveys with
the serially-produced GAK-3M gravimetsr. For these surveys it was
required to inoreate the sccuracy of the instruments and their
Stability in operation, since increased acouracy of the survey is
worth while under the conditions of Yakutiya at the expense of com-
plication of the method in view of the great additional ocosts,

The serial trips under severs taiga conditions in a sperse
network of fixed points have a large duration (10 « 12 hours). In
the course of thils time the air tempersture usually changes a
great deal and also the temperature within the instrument. The
changs in the latter is taken into consideration with insufficient
acouracy, and this brings about basioc errors in the measurements.
To reduce errors the instrument is previocusly prepared by sdding
identical ~hange of temperaturs of the inatrument in the trip, that
is, it is heated or cooled.

However, on large trips it is almost impossible in practine o
kaeep the value and iinear changs in temperature of the instrument
constant. For the purpcse of creating a constant temperature regims,
S P Popov has designed a simple electrical thermostat. It has been
astablished that the principla heat exchange ocours through the upper
panel of the gravimster, sirnce the Dewar vessel adequately insulates

. the quartz system from the effect of the outside temperature. Thers-
fore the electrical thermostat was placed between the upper pansl and
the body of the elastic system. Experiments have shown the correct-
ness of this solution. The conductor of the thermostat (with a re-
sistance of 22 - 25 ohms) is wound with 8 - 10 turns on an aluminum
form placed on a protective cylinder. The thermostat is connectsd
with a contact thermometer, relay, ammeter and power source (see +the

E‘ignre) by a connecting panel. The connecting panel is located on l

o
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Electrical cironit of the thermostat., 1 - Furnace (R =
= 22 = 25 ohmsj; 2 - Connnecting panel: 3 « Relay; 4 -
Dial-lighting lamp; 5 = Switch; 6- Contact thermometer,

the upper cover of the instrument. The contact thermometer is put

in & special socket of the aluminium form and is ccnnected to the
connscting panel through an additicnal opening in the upper panel,
The relay is fastened either on the Dewar vessel or in a single
housing with the power sources. The ammeter is led out on the cover
of the instrument., In the sssembling of the circuit, contact therme~
meters from SN-3 or GV-32 gravimeters and a relay from &n SN-3 gravi-
meter were used. The power sources were dry cells or 32NKN-2.<53
batteries. They were combined in a group that had a véltage of & V
and were placed in a special housing fastened to the housing of the
instrument., The battery unit lasted for five to seven trips even
when the outside and inside temperatures fell 20 « 309, Under wine
ter conditiens, dry cells were used for the most part, because the
cther batteries froze. The described device did not substantially
ehange the weight and dimensions of the instrument, which was esa
pacially irportant under the severe conditions of transport. The
power sources likewise did not invelve the actions of the operator,

The first trips with a gravimeter equipped with an sledtrical
thermostat were made in 1957 and gave excellent results., In 1958
and 1959 5 one-milligal survey with a scale of 1:100,000 was conduce
ted. It was pade in the summer at an air temperature of up %o +30-
357 ¢, and in the autumn, spring and winter when the frests reachad
~4G® € and lower, In spite of such large temperature drops the tem-
| persture within the instrument varied by not more than 0.1 - 0.2° ¢, |

.
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Thanks te being equipped with the thermostat the zerc point of the f
gravimeters was consideralbly reduced and bscame mare linear. With
the same method ¢f survey and & large duration of the frips (up to
ten or twelve hours) the accuracy of the observations rcse consider-
ably. The erver of observations of the serial network on materials
of indeperdent control were + 0.28 milligals in the winter peried.

In the summwer period the sccuraacy reached + 0.21 milligals.

At ihe present time, one-milligal surveys are being eonducted

1 large velume in Yakutiys with GAK-3M gravimeters equipped with

i
sloctrical thermostats.
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ON THE ACCURACY OF ALTITUDE DETERMINATIONS
FROM TOPOGRAPHIC MAPS DURING RIGIONAL GRAVIMETRIC SURVEYS

{Following is a tranelation of an article by
kK, P. Yegorov in the Russian-language periodical

’ odka (Oeophysical Exploration),
Vo 6, Moscow, 190i, pages 118.12k4,]

The making of gravimeiric surveys is commected with large ex-
penditures for the creation of a geodetic base, especially in the
regions of Siberia and the Far East that are diffioult of access.

To reduce the cost of these operations, the productive geophysical
organizations are using topographic maps for determination, accord-
ing to them, of the ccordinates and altitudes of gravimetric points.

The aocurscey of tha detsrmination of the altitudes of thase
roints will depend on the quality of the topographic maps used,
their soale, the chareoter of the relief of the locality, the pre.
ssnce of an adequite number of rellable orienting points, ete. All
this must be taken into consideration in the planning and conduct
of the work, as even those relatively low requirements set for the
acouracy of the geodetic base in regicnal gravimetric surveys can
be unfulfilled if any one of the smumerated factors is not conside
ared, '

In the present article we examine the combined influence of
errors of the plangr and altitude positions of gravimetric points
in determining their altitudes according to topographic maps, and
the conclusions drawn can ssrve asz a precaution against errors in

counting during the use of those maps for the above-mentioned pur-
poses,

The error in determination of altitudes of gravimetrie points
asecording to undeformed topographic maps (m,) depends on the error
in representation by means of the horizontlg relief of the loecality
and on the error in the plotiing by the topographer of the gravi-
metric point on the topographic map:

52 =m? +n?,

1
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I where is the msan square error of representation on the map by

ssans ol the horisontal relief of the locality; m, is the mean square

srror in the altitude of the poiqt.

plotting on the map.

let us establish the values of each of these errors.
I. The error of representation of the relief on the map by

3

connected wit

the error of its

neana of the horisontal depends on the error in position of the hori

zcntal in altitude with respect to the altitude support m, and the
srror of interpolation bstween the horizontals at the height LY

2

In accordance with the instructions and directions for topoe

nh = 31 + mzz.

graphic surveying in effect prior to 1943, the error of position of
the horizontals in height with respect to the observed points of the
support can attain the values indicated in Table 1,

Omizéxa 3 DOROMINAR

. ropusoxraxed ‘Q

Table 1
Vroa nexjons,
TPaR.
Jo 2 16))
' §
*+ 7

Note: h is the height of the basic secotion.

1 « Angle of inelina-

tion, degrees; 2 -~ Error in position of the horizontals; 3 - Up to 2.

For maps vith scales of 1:100,000, 1:50,000 and 1:25,000 these

errors are oxpresssd in the values given in Table 2,

Table 2

Omwfaa DO20MOURN TOPESOATANN, 4‘@

Macart o enonnoe
ep™ o EM& Ao 2° | mOS* | mo 7t | T*
© 4 1 100000 20 3 10 13 20
1 : 50000 10 25 5 () 10
{ 2 25000 5 1.3 2,5 a8 3

1 = Soale of the map; 2 - Basic sectd

the horiszontal, meters,

. In January 1956 "Basic Positions in the Creation of Topogrephic
l_Ma.pn with Seales of 1:10,000, 1125,000, 1:50,000 and 1:100,000" we

~——

ony 3 « Error of position of
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) ‘ rpproved as obligatory for all instit:iions conducting topographic i
csurveys and the compilation of topographic maps; in it the following
(Teble 3) values were astablished for the mean errors of representa-

~ 'tion on a map of relief by means of herizontals (#15).

- } . . o
" m, - CPOREAR omldi;"nonomnun o
POPRIOHTRNO -
| Paonn cnemMrn L bt e
. | @ 13 25000 1 3 50000 1 @ 400000
, [FA0cK0-paARRURENS . . | " 3 6
[ Pasrnsne, nopore\uunue z
f BexoaMaonRMe = npeclaa- '
NMEIGIHMY  YTABMM BB~
] wion& a0 8° L., ., . 2 4 9
{

1 - Survey regiena. 2 »m, ~ the mean error of position of horizone
tals, meters; 3 < Flat lm}hnda 4 . Plains intersected and with
hills, with predominant angles caf inclination up to 69,

For mount&inous and enclosed terrain the indicated allowances
are doubled,

The mean square error of interpulaticn between pegs in drawing
herizontsls on & plane according to Bakstrem (Oshihki nablyudstelys
pri otschityvanil po shkalam izmeritel'uykh priborov - The Observeric
Errors in Taking Readings on the Sczies of Measuring Instruments .
Voseow-Leningrad, 1934} i3, in meters:

" m, = 0,012 ¥ + 0,035 4q,
#¥heps M iz the number of ihousa.nds in the denominator of the scale
of the plana, and 4 is the distance beiween the pegs in meters.

For the scass of interpolaticn of a point between horizontals
in height, *his formula can be presented in the following form:

", = 0.012 M tan v+ 0,035 h,

where b 3 the basic section, in meters, and v is the angle of ire
glination.

For the map scale 1:100,000 and h ® 29 meters, ths aversgs er-
ror of interpolation between tbe horitonisly will bo n, = 1.0 n and
By = 2.0mat v o« 2° and ¥ = € respeotively. Hence 8n the basis of |

A
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of comparison of the data of Table 3 with the results obtained it
follows that my exceeds ) by more than three times., Consequently,
the total srror in height™of the detsrmined point m, Will be equal
to m, with an error of 24,

II. The ascuraay of plotting of the gravimetric point on the
map depends on the srror of identification of the pont with respect
to the contour on the map ("3) and the error in position of the same
contour on the map m,:

méz = m32 + muz.

The error of ldentificstion on the map depends on the method
of determining the loocation of the gravimetrie point relative to the
contours of the locality. '

Several methods of planar connection to the contours of the map
are used in a gravimetric survey: a) the instrumental method; b) iden-
tification by large scale aerial photos visually and transfer of the
identified point to the map; ¢) Adentification on the map visually.

Each of these methods gives a different acouracy of determina~
tion of the planar pesition of gravimeiric points. The instrumental
method, when the contours are sxpressed with sufficient clarity,
does not introduce additional errors, since the error in the plane
will be equal to the graphic error in transfer of the position of the
determined point onto a map with & scale of 1:100,000, that is,

+ 0.2 mm, )

In the identification of the gravimetriec pcint by aerial photo-
graphs, ths srror ia plamar position does not exceed the graphic ace
guracy of transfer of that peint t¢ the map if an asrial photograph
with a larger scale than that of the map is used. Thus, if an aerial
photo with a scale of 1:25,000 is taken with an average error of
tdentification of + 0,05 mm in the soale cof the photograph, the total
oerror of determination of the planar position of the point by this
method will equal + 0.22 mm on & map Scale of 1:100,000.

The largest error can be expected in visual identification of
& gravimetric point on a map., The mean error for excellently ex-
pressed contours in the beat case will be =+ 0,5 mm, and in the
presance of poorly expressed contours and in an enclosed locality
my = + 0.5 mm of the map scale,

Finally, let us consider error in the position of the contour
itself en the map, L

The value Sr this error is composed of:



o . . -
[ * 1) Errors in the position of the fixed points m. (for well |
expressed contours equal to + 0.1 mm and for a closed locality + 0.2

]

_ 2) Errors in the position of the contour points relative to
the points-of the geodetioc baze mg (for well expressed contours
+ 0.5 mn and for closed reglons + 0.8 mm; : .

3) Errors of the grephie procosso's in malking up the maps m,,
squal to + 0.2 ma.

-

These errors oan be considered random, sinee the combined
offect of them is determined as a funetion of the total error:

nuz = ll(,'sz + ‘62 + XI72.
Then the wean error in position on the map of objects and con-
tours of the locality with respect to the closest points of the
planar survey network will equal:

For well expressed contours, m, = + 0,5 mm; for rountainous
and closed regions, my, = % 0.8 mm,

And 50 the total error in the plane m  Will amount to:
For well expressed contours .

e =4 V05 7 0,5% = 20,7 wks

Fbr mountainous anid closed reglons
me= 4V 0,8° F 0,80 o= 1,2 mM.

The error in the plane i3 in direct dependence upon the angle
of inclination of the locality énd the map scale: :

wrera M i3 the thousand denominator of the scale,

Tsbles of the total errors in determinatioen of the heights of
gravimetrie points on the horizontals of topographic maps (in meters)
have been presented. The mean errors in determination of heights
on topographis maps for regiont with well expressed sontours are
given in Table 4. -
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Table &
Vinon meornocrr 6
Macarraé . | Ocnormso I @
KRPYM coseunN n 2 @ Rl
_ ® : @ My M E My | Dy mn, i "y
)

4 : 400000 0 . 160 247 84 8,0 7.6 44,1
£:50000 | 30 30 | 42 32 ] 40| 38| 55
1525000 ) 1,0 06 1 14 20 49 i 28

1 - Map scale: 2 « Basic sections; 3 -~ Inelination of locality;
4 « Up to 2°¢,

The mean errors in determination of heights on topogmphic
maps for encloved regions are given in Table 5.

Table 5

b . © Yrac wetraocra @
S5 Macrrrat Ocmosnne —n s

g Rapra coxoHm R @ i - .

; © @Dy L oml ome | om L my | omy
Lo mx)oo 20 120 | 42 [ 127 | 180 1127 | 220
AR T 10 40 | 24§ 63 80| 63 | 101
LI 250m -8 260 401 221 A0 81| 50

1 « Map seala; 2 - Basie sect:\.ona. 3 = Inclinaticrn of localitys
"‘l' - Up tO 2 .

It can be concluded fron the tables that it is possibie teo use
maps for detemdning the heighis of gravimetric points only under
the following limited conditions:

~ 1, It is impossible to use topegraphic maps with a scale of
1:100,000 for determinations of heights in gravimetric surveys with
sexlen of 1:500,000 and 1:200,000 and larger.

2. In plains regions (with an angle of terrzin up te 2°) with
well axpreased contours it i3 possible to find the heights of grevi-
metric points on tcpographic maps with a scale of 1:50,000 in gravi-
metric surveys cn a scale of 1:200,000,

' If the contours of the terrain sre not clurly expreszed and
}__th angls of S.nuimtion do not exceed 4 - 6°, the use of maps with

]
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posmes

| a seals of 1:50,000 s possible under conditions of instrumental
methods of comnection of identified point- to the geodetic support
or to clearly sxpressed esntpurs of the terrain, and also of aerial
photos of a much larger scals.

3. It is possible to use topographic maps with a scale of
1125,000 for determination of the heights of gravimetric points with
& survey socale of 1:500,000 and 1:200,000.

The experience of the work of the gravimetric parties of the
Jeophysical Petroleum and Coal Surveying Trust (trest Geophixnefte-
uglerazvedka) confirms the above conclusions., In Table 6 are the
mean square errors in determination of heights on maps with a scale
of 1:50,000, obtained by control determinations on 201 points by
gravﬂ.matrio party 18/60, who conducted work in the inhabited rayons
of the)xalininskam oblsst (points attached to strict orienting
points).

Table 6
.. CpeinexssApaTATOCKAR OMIHONA
¥Yrod maxnosa, Koanwecrso | orppefenenms EHCOT 1O Xapram
by 10 8 » wacrrraGa 1 : 50000,
0] ® « @
“0—1 50 i,
14 110 +16
417 i 19 .

1 « Angle of inclination, degreas; - - Number of points; 3 .= Mean
square error in determination of heights on maps with a scale of
1:50,000, in meters,

The conclusions drawn relate to conditioned maps (composed on
B geodetic base of full value),

In the regions of Kraynsye Severo and Siberia, maps are come
plled on 2 thinned out geodetic base, and therefore it is impessi-
‘ole to determine heights with these maps,

In confirmuation of whit has hsen said it is necessary to re-
fer to the work of the Northern Siberia geopnysical expedition of
the AlleUnion Scientific Research Institute of Geophysics (VNIIGeo-
fiziki. Since 1955 regicnal gravimetric surves have been ccnducted
‘oy the expedition in various rayons of Siberis, in which heights
have been determined by barometric lsvelling.

’ If we dnalyze the results of comparison of the heights of the
foee



gravimetrio points determined by various methods (by levelling, by T
the maps, and by barometric levelling), it has been made clear that
the errors in the heights, obtained by topogeodetic maps with a

scale of 1:100,000, reach 30 - 40 meters md more,
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